The time evolution of a Munch pressure-flow translocation system is calculated using a numerical computer method. Results are obtained for the time course of the system variables following application of a large resistance in the translocation path, intended to simulate a cold block. The resistance factor required to produce translocation inhibition indicates that even moderate inhibition is primarily due to sieve plate pore blockage, rather than to the viscosity increase. The calculated time for recovery from cold inhibition and the shape of the translocation recovery curve agree with experimental results. The time for translocation recovery and the level of velocity recovery depend on the rate of sucrose unloading in the sink; on the sucrose concentration in the sieve tube; on the position, length, and resistance factor of the cold block; and on the hydraulic conductivities.
This time-dependent solution is used to obtain the theoretical time-dependent behavior of a Munch translocation system following application of a large resistance increase in the translocation path of a system originally at steady state, intended to simulate application of a cold block. In the computer calculation, the Munch translocation process is broken down into time intervals of 1 sec and space intervals of either 0.6 or 2.4 cm. The measured sieve tube dimensions and translocation rate for sugar beet are used, as given in reference 1. The specific mass transfer rate is 7.5 g hr-' cm2. We use model II of reference 1, with active loading into companion cells, since this model is supported by recent experimental work (3) . For the lateral membrane conductivity we use, unless otherwise specified: L, = 2.2 x 10-7 cm sec' atm-', and for sieve-tube conductivity in the path, per sieve-tube element: L, = 10.2 cm sec-1 atm-1. A 2.4-cm cold block, a 19.2-cm path, and a 9.6-cm source and sink are used unless otherwise specified.
It should be noted that the numerical solution process is greatly speeded up by using the difference between the two calculated values of water influx which the model provides to increment the hydrostatic pressure uniformly along the sieve tube in such a way as to reduce this difference by a factor of two. About 1 min of computer time on an IBM 370/165 is required to produce the time evolution of the system for 3 hours. A complete Fortran program deck is available to anyone interested in the details.
The data of Giaquinta and Geiger (5) show that inhibition by a cold block in the translocation path in sugar beet is characterized by a "critical temperature" of about 0 C, above which recovery occurs in less than 90 min, with a Ql, of 1.5 for the translocation rate 10 min after application of the cold block (approximately the minimum of translocation). Thus, at 11 C, the minimum translocation rate is about 54% of the preinhibition rate (at 26 C), and at 6 C the minimum rate is about 44%. The experiments used a 2-cm cold block on the source leaf petiole, with about a 20-cm path. It Table I . Some representative calculated recovery curves are shown in Figure 1 .
An apparent exception to the general tendency for the re- The preinhibition unloading rate constitutes an upper bound for the unloading rate during inhibition and recovery, inasmuch as it is unreasonable to assume that the unloading rate would increase as the amount of sucrose moving into the sink region decreases. If unloading is maintained at the preinhibition level, the concentration in the sink will decrease during recovery. However, it is reasonable to assume that a decrease in concentration would lead to a decrease in unloading rate. If the unloading rate goes below the rate of sucrose entry into the sink region, the sink concentration will increase, leading to an increase in unloading rate. Thus, an unloading rate equal to the rate of sucrose entry into the sink is a lower bound for the unloading rate. Such an unloading rate during the entire course of recovery will maintain the sink concentration at the preinhibition level.
As shown by the model results in Table I , the over-all concentration level has a considerable effect on the recovery time. A higher over-all concentration level requires a lower velocity and thus a lower hydrostatic pressure gradient, which would result in a lower recovery time. However, if the effect of increased concentration on viscous resistance is taken into account, the difference in steady state hydrostatic pressure gradient for different concentrations is reduced. This effect, plus the further increase in resistance as the concentration builds up during recovery, results in a recovery time which increases with concentration.
When the cold block is closer to the source, there is a shorter region with the velocity decrease which accompanies the concentration increase, and hence there is a more complete recovery of average velocity. The We use a = 6.0 x 10-7 cm3 ug-1. For viscosity (in poise), we use 7, = 9.0 x 10-3 + 1.7 X 10-'3 CiCi+i + 5.7 x 10-13 (Cl -3.6 X 105)2. The last term is deleted for C1 less than 3.6 x 105 ,ug cm-3.
